Juveniles of many avian species possess a spotted or mottled body plumage that is visually distinct from the plumage of adults. In other species, however, juveniles fledge with a body plumage that is just a pale representation of adult female plumage. The reasons for this variation are poorly understood. Several hypotheses concerning social (parent-offspring, adult-juvenile, juvenile-juvenile), ecological (predation risk) and physiological (costs of plumage development) implications of juvenile body plumage are presented in relation to predictions concerning associations with certain ecological and life-history attributes of avian species. In the present study, we conduct a phylogenetically corrected comparative analysis of Western Palearctic passerines looking for sources of variation in the incidence of distinct and adult-like juvenile body plumages. We scored plumages based on plates in the Handbook of the Birds of the Western Palearctic (Cramp & Perrins, 1988-1994; Oxford University Press) (HBWP) and entered body mass, migratory habits, habitat, nestling diet, breeding dispersion, gregariousness, duration of the nestling period, type of nest, conspicuousness of female plumage, and sexual dimorphism as explanatory variables, as presented in HBWP, in phylogenetic generalized least square regression analyses. One-third of the species presented distinct juvenile body plumages, which lasted on average for the first 2 months of life. Body mass, conspicuousness of female plumage, migratory habits, and habitat were significantly associated with interspecific variation in distinctness of juvenile plumage, with smaller species, more conspicuous species, migrants, and species from forested habitats showing distinct juvenile plumages with higher frequency. The phylogenetic signal was moderately high. Assuming that conspicuous adult plumage is costlier to produce than distinct juvenile body plumage (pigments, conspicuousness), the need to acquire social status among juveniles before the winter may explain the more adult-like plumage in resident species because juveniles will probably compete with individuals that they may have known during their first months of life. On the other hand, migrant juveniles may compete with a different set of individuals in winter quarters and can use savings in resources necessary for developing adult-like plumages to improve migration capacity by allocating resources to other functions. The Finally, as juvenile plumage is developed by nestlings, the capacity to collect nutritious food by parents during the nestling period may also affect the possibility of developing pigmented or structurally complex adult-like plumages (Butler et al., 2008) . Pigmented or structurally more complex adult-like plumages are likely costlier than the distinct juvenile plumages, so that developing nestlings may use saved resources to improve flight feathers or allocate resources to other important functions such as migration. If metabolic costs of body plumage development were crucial, we could expect that offspring diets offering more nutrients necessary for pigmentation, such as carotenoids, or for structural strengthening of feathers, would select for more adult-like plumages. Moreover, migrating juveniles may save costs associated with developing adult-like body plumage and use these resources to improve flight feather quality or other migration related functions, rendering more cryptic and less adult-like plumages in migrants. Sexual interactions are not involved at this early stage, so that mating system and sexual dimorphism may be less important. However, drabness of adult plumage may reduce the metabolic cost of developing an adultlike juvenile plumage.
INTRODUCTION
The juveniles of many animals show typical colorations that differ from those exhibited by adults and whose function is poorly understood (Guiasu & Win- Moreover, if distinctness of juvenile body plumage is mainly related to selection pressures on adults, we require first an explanation of why ancestral adult plumages as expressed by present juvenile plumages differ according to certain ecological factors, and then an explanation of why the same ecological factors have subsequently promoted either changes in adults leading to distinct juveniles, or to conservatism in adults leading to adult-like juveniles. Thus, it is more parsimonious to consider that ecology has driven a single change in juvenile than two changes in adult body plumage. Based on this assumption, we aim to test whether ecology and life history independent of phylogeny explain the interspecific variation in degree of distinctness of juvenile plumages to some degree.
Several hypotheses based on the literature can be presented to explain variation in distinctness of juvenile body plumage, which may be grouped according to social, ecological, and physiological selection pres 
MATERIAL AND METHODS

DATA COLLECTION
We characterized juvenile body plumage of passerines as adult-like, distinct or intermediate from the coloured plates of volumes V-IX of HBWP. These plates represent birds in larger size than in field guides and constitute probably the most scientifically accurate representation of Western Palearctic birds. Only species for which juveniles were separately depicted have been included (250 passerine species). Juveniles were compared with females (juveniles were never similar to males in sexually dimorphic species) in breeding plumage or during spring. If the sex of juveniles was specified in the plate legend (only in a few cases), they were compared with same-sex adults. Morphology such as tail length or bill length or coloration of structures other than body feathers was not considered. Distinctness refers to clearly different colour patterns and markings and not to intensity of coloration of feathers (adult-like juvenile plumages are mostly paler than adult ones). To reduce the possibility of involuntary bias, a noninformed layperson and two students without knowledge about the hypotheses being tested characterized cases of distinctness and likeness between juveniles and adult females during brief observations of the images in the plates, with any hesitation leading to a consideration of cases as intermediate.
From the first printed edition of HBWP, we extracted the information concerning migration strategy, habitat, nestling diet, gregariousness, and breeding dispersion and scored these traits as specified in Table 1 . For species with polymorphism with respect to migratory strategy, we used the range of strategies as mentioned in the corresponding section for the species in HBWP to obtain a score (Table 1) . We also scored female breeding plumage as drab or conspicuous by the same three observers as above. We obtained information in HBWP on sexual dimorphism, nest type as cavity, domed or open nests, body mass of females, and duration of nestling period in days (there were too few data on post-fledging dependence to allow inclusion). The unavailability of precise information on some aspects for some species in HBWP induced slight differences in sample size for different variables (Appendix 1).
To estimate the duration of juvenile plumage, we used the moult diagrams of the 'Key to Sexing and Ageing of European Passerines' (Busse, 1984). We measured the length of the totally black part of the lowest section of the moult diagram which is the section that refers to body feathers (for details about moult diagrams, see Busse 1984). The totally black part refers to the time period when only non-moulted juveniles are captured and ringed and approximately corresponds to the duration of juvenile plumage for individual birds. We assume that these moult diagrams are the most accurate presentation of the staging of body moult for European passerines available at present.
Species values for all variables can be found in Appendix 1.
COMPARATIVE AND STATISTICAL ANALYSES
Taxonomic groups such as species cannot be considered statistically independent observations as a result of the confounding effects of common ancestry ( . We arbitrarily assigned all internode branches equal to one but constrained tips to be contemporaneous (Pagel 1992).
We considered the index of plumage resemblance between juveniles and adult females as a continuous dummy variable (adult-like = 1; intermediate = 2; distinct = 3). Scores for adult female plumage drabness/ conspicuousness (1 = conspicuous; 2 = drab) of the three observers were also used as a dummy variable. The use of dummy variables in regression analyses is well established in the statistical literature (Zar, 1999) because it allows the performance of multivariate regression analyses including discrete variables that can be controlled for phylogenetic influences. Because scores of the three estimations for juvenile plumage distinctness (r = 0.78, P < 0.001) and adult plumage conspicuousness (r = 0.66, P < 0.001) were moderately repeatable, average scores for the three observers were used in the analyses.
Before the analyses, body mass of females was log 10 transformed and the durations of juvenile plumage and nestling period were loge transformed to attain normal distributions. In an attempt to explain interspecific differences in plumage distinctiveness between females and juveniles, we performed PGLS models with plumage resemblance as an dependent variable and variables predicted to affect interspecific differences as independent variables both in univariate and multivariate statistical approaches. The multivariate approach consisted of a backward procedure; starting with the complete model excluding interactions (to reduce the number of factors), we removed one-by-one the variables with the largest associated P-values. The model that included all variables with P < 0.1, was considered as the final model.
RESULTS
The average distinctness score was 1.73 ± 0.85 and the mean duration of juvenile body plumage was 59 days (range 27-164 days). Of the 192 unanimously characterized species, 58 (30.2%) showed distinct juvenile body plumages (Appendix 1).
Univariate analyses revealed that body mass, adult plumage conspicuousness, breeding dispersion, migration, and habitat were the variables predicting distinctness of juvenile plumage (Table 2) The effects of juvenile plumage duration and nestling period were estimated after controlling for the effects of body mass.
inhabiting arid habitats (Fig. 1) . It was also more common in smaller species and in species where adults exhibited conspicuous adult female body plumages (Fig. 1) . The phylogenetic signal (l) was high (0.89) and significantly different from 1 (maximum log-likelihood test, P < 0.001) and from 0 (maximum log-likelihood test, P < 0.001), which implies a moderately high level of phylogenetic influence on the detected relationships. pressures for juveniles such as there are for adults. These conflicts may have had different resolutions for juvenile plumage depending on the ecology and life history of the species involved. All these possibilities cannot be directly tested with basic comparative information, although they may be related to crucial specific life-history and ecological traits obtained from the literature. Any ecological factor affecting juvenile sociality, predation risk or body feather growth in the nest could be involved in explaining the observed interspecific variation in the distinctness of juvenile body plumages.
DISCUSSION
In the present study, we have identified two crucial aspects of avian ecology that affect type of juvenile plumage, namely migratory strategy and habitat. Cases of distinct juvenile plumages are more frequent among migratory species than among residents, and more frequent among species inhabiting forested than arid habitats. Additionally, adult plumage conspicuousness and body mass show strong effects on juvenile body plumage distinctness. Distinct juvenile plumages were more frequent among small birds than among large ones and more frequent among species with more conspicuous adult female body plumages. Phylogeny shows a signal of moderate strength, indicating a clear phylogenetic conservatism in the evolutionary history of juvenile body plumage of passerines. However, ecology also plays a significant role in the evolution of this trait, as indicated by the results obtained in the present study. On the other hand, neither diet, type of nest, sexual dimorphism, nor gregariousness during the nonbreeding season showed any significant effects in multivariate analyses. Breeding dispersion resulted in an association with plumage type in univariate analyses, with a higher frequency of distinct plumages in more colonial species. However, the result for breeding dispersion should be interpreted cautiously because of the multiple univariate tests performed and because the tendency was only marginally significant in multivariate analyses, suggesting that shared variance with other variables included in the final model (i.e. migration and habitat) may be responsible for the univariate result.
Conspicuous adult plumages may involve costly investment in pigments or feather structures related to sexual selection processes that juveniles do not experience. Furthermore, if conspicuousness of body plumage is related to the probability of detection by depredators, the evolution of cryptic plumage would be more likely in species with conspicuous females because juveniles are more vulnerable to predation than adults. Finally, because juveniles always display less or equally conspicuous plumage than females in our analyzed set of passerine species, the evolution of distinct juvenile body plumages could only occur in species where females display conspicuous plumage. If this was the case, any association between plumage distinctness of juveniles and ecological and lifehistory variables should be controlled by the influence of plumage conspicuousness of adult females, as was the case in our multiple PGLM models.
The negative effect of body mass on distinctness scores could relate to allometric effects on plumage cover and concomitant metabolic costs of pigmented feather growth because smaller species have more body surface per gram. The marginally significant association of nestling period duration with juvenile plumage distinctness suggests that, for species with similar size, those suffering less predation risk in the nest and therefore developing more slowly (Martin, 1995) were those developing distinct juvenile plumage with higher frequency. This relationship does not support a role for parent-offspring communication, which is more protracted for slowly developing nestlings.
Residency probably involves the need to participate in social interactions with coexisting juveniles subsequent to fledging, and these interactions may affect subsequent social status and the capacity to acquire resources necessary for overwinter survival. 
